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SUMMARY

With the rapid advancement in electric vehicle (EV) technology, efficient battery management has
become crucial for enhancing performance, safety, and longevity. This research integrates Internet of
Things (10T) and artificial intelligence (Al) technology to provide a revolutionary solution to battery
management in electric vehicles. Our suggested method uses 10T sensors integrated inside the EV battery
to gather data in real-time while keeping an eye on many factors like voltage, temperature, and current.
The system can learn from past data and adjust to changing situations thanks to the integration of Al,
which increases forecast accuracy and battery management efficiency. By continuously analyzing data
and adjusting parameters in real-time, the system enhances battery performance, extends lifespan, and
ensures safety by identifying potential issues before they escalate. This data is then processed using a
neural network-based algorithm to predict battery health, optimize charging protocols, and forecast
remaining useful life. Battery parameters such as temperature, voltage, and current are collected from the
sensors, such as temperature sensor, current sensor, and voltage sensor. These values are updated to the
ESP 32 controller and the IOT (Internet of Things) cloud as thing speak. The battery parameters are stored
in the Raspberry Pi controller. The support vector machine (SVM) will analyse the battery parameters to
produce a better output. The SVM produced accuracy, precision, recall and F1-score of 90%, 80%, 78%,
and 81%, respectively.
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INTRODUCTION

The globe has been impacted by air pollution, global warming, and the unpredictability of traditional
fossil fuels throughout the last three decades. The fact that fossil fuels remain the primary energy source
for the global transportation sector helps to explain this. Approximately 70% of the 30% worldwide
carbon dioxide emissions from the transportation industry are attributed to road-based vehicles, per a
study conducted by the International Energy Agency (IEA). The primary reasons of the depletion of
subsurface fossil fuel reserves are the transportation sector's excessive use of fossil fuels and the
pollutants that arise from this use [1].

To ensure passenger security, the automotive industry has worked hard to develop trustworthy and
efficient systems [28]. However, the air pollution in cities has increased along with the number of cars.
Around 27% of greenhouse gas emissions are attributed to the transportation sector, with car
transportation responsible for over 70% of these emissions, according to figures from the European
Union [3].

Because of their capacity to lower greenhouse gas emissions and address global warming concerns,
electric vehicles (EVs) have become more well-liked and acknowledged as a solution to these emissions
challenges [29]. Electric vehicles (EVs) have supplanted fossil fuel-powered cars and have produced
improved performance in terms of dependability, accuracy, and simplicity [10].

BMSs are essential for safe operation due to the rising demand for batteries from the growing popularity
of smart grids and electric automobiles. However, onboard chips' constrained memory and processing
power make this difficult. Machine learning is becoming crucial for identifying patterns in massive
amounts of data, and cloud computing provides a flexible substitute for conventional techniques. Cloud-
based Al-enhanced models will be used in BMS to improve modelling and prediction capabilities [5].

The automotive industry's transition from conventional to hybrid and electric vehicles depends heavily
on (Li-ion). The BMS is crucial for EVs, and it may be challenging to accurately assess battery
characteristics, such as SOH and SOC. The higher discharge prediction performance of random forests
demonstrates how Al techniques can improve electric vehicle performance [7].

The necessity for electric cars (EVs) to replace internal combustion engines (ICE) and the growing
awareness of climate change worldwide. Reviewing battery management systems, charging techniques,
and power conversion technologies covers the elements and developments in electric vehicle technology
[6]. It also covers cutting-edge technologies like 10T, Al, and ML to enhance EV performance. However,
the continued usage of digital technologies means that cybersecurity issues still exist. Interoperability
problems and possible preventative actions are also resolved [30], [31]. To improve household power
usage and energy mix, a model for home energy management, or HEMS, must be used. It covers how
energy storage, distributed generation systems, consumption devices, and electric car charging and
discharging work. The HEMS can adapt to changes in tariffs and is self-regulatory. For scheduling and
data storage, the framework uses a local information management terminal and advanced metering
infrastructure (AMI) [9].

The invention of electric vehicles, such as motorbikes and bicycles, using Al and 10T technology. Using
10T logic, the device track’s location and speed and minimizes environmental damage using a smart
charging method [32], [8].

The battery monitoring system typically monitors and detects changes in the battery, alerting the user
through the car's battery indicator. Because of improvements in notification system design,
manufacturers and customers may be informed about the battery's state via Internet of Things (loT)
technology. This is a maintenance support routine from the manufacturer. 10T uses internet connectivity
in ways that exceed what is typically done with it. The ability to link various devices and everyday goods
to the internet gives users access to the globe.
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LITERATURE SURVEY

AIML are now included in the extension. Thanks to these cutting-edge ideas unique to BMS, it is now
possible to more accurately predict battery performance, including its SOH, SOC and SOP [11].

A support vector regression technique, a traditional artificial intelligence algorithm, produces an exact
battery model in the cloud after the Cyber-Physical System (CPS) is used to control battery management
concerns. To address difficulties linked to battery ageing based on the battery model, battery
deterioration quantification is finally carried out using the rain-flow cycle counting algorithm [36].

Support vector regression and the modified genetic algorithm control the EV thermal management
system [2]. A double-population adaptive mutation approach and a state-of-the-art optimization
procedure are used to construct modified genetic algorithm. The Auto-MPG and Computer Hardware
data sets, which are used to modify the Support vector regression kernel function parameters, validate
the accuracy of the method. [13].

QCNN uses input data from the driving segments that before and follow to estimate the battery
temperature quantile. Quantile predictions yield a weighted total of the expenses of aging, depreciation,
and battery cooling, which is used by the predictive control to set battery cooling limitations. In terms
of cost weight tunability, input uncertainty resilience, and BTMS adaptation to various routes, the
predictive BTMS has been evaluated [14].

The system implements a taken thermal model and a novel neural network as a thermal sub-model. A
physics-based thermal battery system and a data-driven thermal battery model are directly compared
within the same system. The accuracy of temperature estimation is evaluated between the models. Both
models extremely accurately represent the temperature behaviour of new intelligent battery cells.
However, the nonlinear autoregressive network with exogenous input-based data-driven neural network
approach shows modest improvements in accuracy and computation time.

To enhance energy management in Electric Vehicles (E-Vehicles), real-time datasets with machine
learning algorithms based on artificial intelligence can be used. The profile, shape, formulation, and
essential constraints for the acceleration and deceleration needs may all be created for an electric vehicle
[15] and a machine learning algorithm [16].

Simulation-based design optimization of the battery pack and battery management system is evolving
and growing to incorporate state-of-the-art technologies like Al and ML to increase efficiency in design,
manufacturing, and other processes. On occasion, they can be found in electric vehicles and energy
storage devices. These novel BMS ideas, such the battery's SOC, State of Power (SOP), and SOH, may
help predict battery performance more precisely.

The 10T tracks and collects battery data, which is subsequently analyzed. Battery data can be collected
and analyzed on the cloud with Thing Speak. When working with batteries, the most important
consideration is the SOC. Information on voltage, temperature, and current is needed to anticipate the
SOC. It uses a DL model known as a Recurrent Neural Network to forecast the SoC of the battery. We
may assess the efficacy of the RNN model by contrasting the observed and projected SoC [17], [4].

Electric vehicles store energy in lithium-ion batteries. These batteries do have several disadvantages,
though, such as low efficiency at high and low temperatures, short electrode life at high temperatures,
and safety issues with thermal runaway [12]. These issues immediately impact the dependability,
performance, cost, and safety of the car. Batteries can overheat and ultimately explode because to
electron mobility during chemical reactions that occur while charging and discharging at high
temperatures. Thus, an efficient BTMS is one of the most crucial technologies for the long-term
sustainability of electric cars. Modern batteries use their surface as a cooler to diffuse the heat generated
while charging or discharging [18].
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Electric vehicles (EVs) are seeing tremendous market expansion due to their efficiency and zero
emissions. However, a battery's lifespan, cost, performance, and safety could all be impacted by other
factors. Thus, battery management is required to improve a battery's performance under a range of
operating conditions. One device that can regulate the behaviour of heated batteries is the battery thermal
management system. Phase change material cooling systems, liquid cooling systems, air-cooling
systems, and direct refrigerant cooling systems are among the BTMS technologies discussed in this
article. We analyse the weights, sizes, prices, and capabilities of various systems [19].

Since Li-ion batteries outperform other types, they are the most often utilized kind in electric vehicles
(EVs). The BMS, which is the core component of an electric car, may improve a battery's lifespan,
safety, performance, and operation. One of the most crucial aspects of installing a BMS is assessing the
condition of the Li-ion batteries, as it is necessary for the stable and secure functioning of batteries.
Recently, researchers have concentrated on creating digital twin models utilizing ML approaches and
cloud computing to automate and enhance the BMS state estimate process. [20].

Because of the enormous volume of battery data generated over its operating life, cloud computing has
been embraced by the scientific community for data storage and analysis. This cloud-based digital
solution offers a more flexible and effective option than more conventional approaches that could need
significant hardware investments. Machine learning is rapidly becoming a key technique for gleaning
insights and patterns from massive amounts of observational data. A cloud-based, Al-enhanced BMS is
therefore expected to be created in the future [21].

BTMS employ PCM to regulate the battery's temperature and enhance performance with the help of an
ANN. Investigating methods for comparing various battery heat management system types also seems
beneficial given the rising use of Al in numerous industries. [22]. The BMS solutions, which call for a
mix of hardware and software, include battery status estimates, fault detection, monitoring, and control
responsibilities. This research extensively analyses the most recent machine-learning techniques for
BMS. It distinguishes various methods according to their principles, types, structures, and ways of
evaluating performance [23].

Businesses may construct and test whole buildings and complete assembly processes by constructing
digital twins of their goods and manufacturing processes. This accelerates the transition to high-volume
production while maintaining the quality of the end product. The hardest aspect of driving an electric
vehicle is managing the battery. [24] investigates the types, architectures, underlying theories, and
performance evaluations of the most modern machine learning approaches for battery management
systems in high-power applications, such smart grids and electric vehicles [25].

Convolutional Neural Networks (CNNSs) are employed in battery temperature predictive control models
to forecast temperature changes over a specified prediction horizon. Adding forecast and historical data
to the model greatly improves its accuracy and applicability. For median temperature estimations, the
best model outperformed the others, with a mean absolute error of 0.27 °C.

This model's ability to deliver accurate predictions across various contexts highlights its potential for
broader applications in energy management, offering significant improvements in battery temperature
regulation and overall system efficiency [26].

Battery Electric Vehicles (BEVs) that use hybrid battery technology combine high-power and high-
energy battery packs to maximize performance. A cloud-based energy management method that makes
use of the Deep Deterministic Policy Gradient algorithm is advised in order to improve safety, lower
energy loss, and save aging costs. This method reduces training epochs by 20.0% and 98.5% compared
to typical Deep Q-Learning methods, and it also greatly minimizes energy waste and aging expenses
[27].
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PROPOSED METHODOLOGY

Key battery metrics including voltage, current, and temperature are monitored by the suggested battery
management system using artificial intelligence and the Internet of Things. These parameters are
measured using sensors and are updated in real-time by an ESP32 and Raspberry Pi controller. The
system utilizes the Thing Speak cloud platform to aggregate and analyse the data, and it employs a
Support Vector Machine learning algorithm to enhance predictive accuracy and decision-making, which
is shown in Figure 1.

Voltage Sensor >
LCD
Battery pack Current sensor o579 52
Controller
| Temperature >
Sensor 'Web Notification
v
Serial communication
v

Raspberry pi controller(Fetch
to machine learning algorithm)

Figure 1. Overall flow diagram of battery and thermal management system
IOT Monitoring on BMS

Internet of Things-based battery pack monitoring is used to track and manage the battery pack specified
in the suggested battery management system. IOT technology tracks battery health via sensors,
controllers, and online apps. Sensors that detect temperature, voltage, and current are used to get these
readings. The voltage and current sensors continually check the battery's voltage and current,
respectively. The voltage and current sensors can detect currents up to 5A and voltages up to 25V DC.
To assess the battery's performance, the temperature sensor will keep an eye on its temperature. After
processing the sensor data, the controller shows the results on the LCD.The ESP 32 controller collects
the temperature, voltage and current values. These values are updated to the 10T cloud.

Voltage Sensor

LCD
e . ESP 32
Battery pack urrent sensor Controller
Temperature
sensor

Figure 2. 10T monitoring of BMS

A microprocessor with Bluetooth and Wi-Fi integrated in is called the ESP 32 controller. It activates a
5-volt power source. Electric vehicles are the primary users of lithium-ion batteries. The AC and DC
currents are measured by the ACS712 current sensor. Low current and high or low voltage levels are
measured by the voltage sensor. An electrical signal is utilized to measure temperature using a
temperature sensor. The LCD shows the values for temperature, voltage, and current. When the
temperature rose to a certain point, the 12 V buzzer went off. Additionally, Thing speak 10T cloud was
updated (Figure 2).
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Battery Management System Based on Al

For batteries and thermal management systems, among other hardware and software components, to
work well, they must cooperate and be controlled. Among the parts of the BMS are a position machine,
temperature monitors, a cut-off field-effect transistor, a cell voltage monitor, a cell voltage balance, and
a real-time clock. There are several chips available nowadays that have PMS built in. The capabilities
of freestanding, fully integrated systems can be matched by simple Analog front ends with
microprocessors for monitoring and balancing. In various systems, functional components are placed
differently. Compared to existing protection circuit designs, the proposed BMS includes more sensors,
allowing for enhancements like precise alarms and controls to avoid overcharging, over discharge, and
overheating. Battery factors such as cell temperature, current, and voltage must be monitored and
evaluated using a sensor network. The battery parameters are monitored and stored in a Raspberry Pi
controller, a minicomputer used for real-time implementation and to fetch Python software. The high-
level programming language Python comes with a number of packages, including one for artificial
intelligence.

Support Vector Machine (SVM)

To tackle both linear and nonlinear problems in the given classification task, support vector machines
are developed. The foundation of support vector machine is the structural risk minimization concept,
which uses the VC dimension parameter to control machine learning complexity and lower an upper
constraint on projected risk.

When the test data are linearly separable, the key to using the SVM is to figure out how to solve the
binary classification issue and identify a classification line that divides the data into two groups. The
appropriate classification line is a straight line or plane when the data are two-dimensional or three-
dimensional, and it is a linear hyperplane when the data are multidimensional.

Assuming that k is a training samplesx;, y;, where i=1 and each sample has | inputs (x;eR") with an
output class label ofy;e — 1, 1. The vector perpendicular to the hyperplane with constant b is called the
vector W.

w.X+b=0 (1)
So, the classification function of the training data is explained below for Eq (2),
f(x) =sign(w.X + b) (2)

As a result, the canonical hyperplane is defined as having a minimum distance of one unit between the
data and the hyperplane.

Therefore,

A hyperplane; All pairs {4,,, 4, } describe the same hyperplane, but their functional distances to the data
point differ. Par. (4), which normalizes the magnitude of w, gives the geometric distance.

Yi(Xiw+b) > 1 (@)
lwll [lwll

For a good generalization capability, the data point and the hyperplane should be as far apart
geometrically as possible. The Lagrange multiplier minimizes the ||w|| to accomplish. Therefore, Eqg.
provides the depreciation (5).

W(@)=-> aii=1+121i=1 5)
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Here,
Yio1yiai =0 (6)
a — vector of l non — negative Lagrange multipliers

The quadratic programming problem to solve using Lagrange multipliers,
W(a) =—-all+ %aTHa )
Then,
aly=0 0<a;<C, i=1,2,....,n
The optimal separating hyperplane is expressed below,
w =Y, a;yiX; €)
When the functional distance of the data point is greater than 1, a; = 0. Therefore, only the data points
lying on the edge isa; > 0, This is the best hyperplane for separation. The weight of the data points that

contribute to the hyperplane determines how «i is scaled. In order to calculate and convey both positive
and negative SV,

b=—sWw.X*+w.X") (9)

A nonlinear decision boundary is produced in the input space by constructing a separating hyperplane
in this feature space. In a high-dimensional space, costly dot product calculations can be omitted by
using a kernel function.

The ideal separating hyperplane ought to be able to hypothetically separate every data point when the
soft margin constant, C, is infinite. On the other hand, the classifier's finite C soft margin permits a trade-
off between accurately categorizing all data and the hyperplane model's complexity.

If the data points are not linearly separated, they may be in the higher dimensional feature space. The
data points are projected onto a higher dimensional space using the kernel technique.

Equation (10) illustrates that the kernel function K (Xi, Xj) defines the dot product in the higher
dimensional feature space.

K(Xi, X)) = ©(X). 2(X)) (10)

As a result, Eq. (11) represents the classification model with the kernel function implemented. This is
suitable for use in determining the load pattern in this study (Figure 3).

f(x) = sign (X; a;y; (K(Xi:Xj)) + b) (11)
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Optimal Hyperplane

s~
Support vector *

vector

Figure 3. Support vector machine model
RESULT AND DISCUSSION

Battery management system based on Al and 10T technology to monitor the battery condition depending
on voltage, current and temperature parameters. These parameters are monitored at any time in the Thing
speak cloud with the help of an ESP 32 controller and sensors. Voltage and current parameters are
collected from big data for analysis. The big data was analyzed in a Raspberry Pi controller with an
SVM machine learning algorithm. The big data was analyzed and implemented in Python using the
Thonny tool.

The voltage, current, and temperature sensors interface with the ESP32 microcontroller and the
Raspberry Pi controller, forming a cohesive system powered by a battery pack. Jumper wires connect
the sensors to the ESP32 for initial data acquisition and processing. At the same time, the ESP32
communicates this data to the Raspberry Pi via a suitable protocol such as UART, 12C, or SPI. The
battery pack supplies power to the ESP32 and Raspberry Pi, ensuring that all components are properly
energized. It is essential to establish a common ground across all devices to maintain stable operation
and accurate data transmission, which is shown in Figure 4.

Figure 4. Hardware image of BMS
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Figure 5. Estimation of voltage
Load Voltage
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Figure 6. Estimation of load voltage

The voltage sensor senses the voltage value through an ESP controller. The controller updated to the
Thing speak cloud. The current parameters vary depending on the battery charging and discharging
conditions shown in Figure 5. And how much voltage is delivered to the load, which is shown in Figure
6.

Current (mA)

)

Current

Time

Figure 7. Estimation of current

The current sensor senses the current value through the ESP controller. Controller updated to Thingspeak
Cloud. The voltage parameters vary depending on the battery charging and discharging state, as shown
in Figure 7.

Technical Institute Bijeljina, Archives for Technical Sciences. Year XVII — N ° 33 438



Ramya, R. et al: Battery Management System ...... Archives for Technical Sciences 2025, 33(2), 430-441

Temperature
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100 20, Dt D800

Date
Figure 8. Battery temperature
The temp sensor senses the temperature value through the ESP controller. Controller updated to
Thingspeak Cloud. The temperature parameters vary depending on the battery charging and discharging

state, as shown in Figure 8.

The support vector machine analyzed the battery parameters with help of Raspberry Pi controller and
Python software to produce the better result in Table 1.

Table 1: Analysis of support vector machine algorithm

Algorithm | Accuracy | Precision | Recall | F1 score
GRU 80% 73% 70% 72%
SVM 90% 80% 78% 81%
performance Analysis
100% 90%
0% 80% 80% 78% 81%
80% 73% 0% 72%
70%
60%
50%
40%
30%
20%
10%
0%
Accuracy Precision Recall F1 score

Figure 9. Evaluation of BMS using SVM

GRU

SVM

Figure 9 displays the fl1-score, accuracy, precision, and recall obtained from the battery management
system evaluation to analyse battery properties including voltage, current, and temperature data carried

out in the support vector machine.
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CONCLUSION

The BMS and Al technology discussed in this approach is used to find the battery parameters monitoring
and report to the 10T application. As a result, a thorough view of the targeted 10T and Al technologies
is done, emphasizing the problems. Lithium-ion batteries were the subject of this suggested study
because of their higher power and energy densities, longer longevity, lower discharge rates, and
increased efficiency. The essential elements and their functions in a battery management system's safe
operation and operating cycle have also been defined in order to guarantee dependable and secure battery
operation in electric vehicles. The battery system's temperature, voltage, and current must all be exact.
Additionally, in order to get superior results of 90%, 80%, 78%, and 81%, respectively, the SVM
algorithm defines the accuracy, precision, recall, and f1 score parameters.
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